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INTELLIGENT IMAGE SEGMENTATION
SYSTEM AND METHOD FOR ACCURATE
TARGET DETECTION

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with Government support under
contract NBCHCO080030 awarded by the Department of Inte-
rior and DARPA. The Government has certain rights 1n this

invention.

TECHNICAL FIELD

The present invention generally relates to target detection
systems and methods and more particularly relates to a sys-
tem and method for intelligently segmenting images prior to
presentation to a user.

BACKGROUND

Analysts 1n various proiessions may, at times, be called
upon to search relatively large collections of imagery to 1den-
tify, 1f present, various types of relevant information (referred
to herein as “a target entity” or “target entities”) in the col-
lection of 1imagery. For example, medical analysts sometimes
diagnose a physical impairment by searching complex imag-
ery collections to 1dentify one or more target entities therein
that may be the cause of the physical impairment. Moreover,
intelligence analysts may be called upon to search relatively
complex imagery collections to identify target entities therein
that may relate to various types of intelligence gathering
activities.

Advancements 1n both image collection and storage tech-
nology presently allow for the relatively low-cost storage of
large volumes of high-quality imagery. However, the cost of
searching through large sets of imagery for target entities can
often be substantial. Indeed, in many professions, such as
intelligence gathering, efiective searching may rely on the
expertise of highly skilled analysts, who typically search
through relatively large sequences of 1images 1n a relatively
slow manner. Presently, the number of skilled analysts avail-
able to search the amount of 1imagery that i1s stored, or can
potentially be stored, 1s 1n many instances nsuilicient.

In response to the foregoing, there has relatively recently
been a focus on developing various systems and methods for
triaging imagery. One of the methods that has shown promise
combines electroencephalography (EEG) technology and
rapid serial visualization presentation (RSVP). Various
implementations of this combination have been researched
and developed. For example, researchers have experimented
with a system 1n which users are presented, using the RSVP
paradigm, a sequence of 1mages, some of which may include
particular types of target entities. During the RSVP presen-
tation, EEG data are collected from the users. A classifier then
uses the collected EEG data to assign probabilities to each
image. The probabilities are representative of the likelihood
an 1mage includes a target.

Although usetul 1n sorting a sequence of 1mages, the above
described system and method, as well as other systems and
methods that employ these same technologies, do sufler cer-
tain drawbacks. For example, the likelihood that a user cor-
rectly identifies a target in an 1image can decrease significantly
for targets located at or near the periphery of a user’s visual
field. It 1s believed that the briel presentation rates provide
little opportunity for eye saccades to search the entire span of
an 1image.
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Hence, there 1s a need for a system and method of gener-
ating 1mages for presentation to a user 1 which potential
targets are located at least more closely to the center of the

displayed images. The present invention addresses at least
this need.

BRIEF SUMMARY

In one embodiment, a method of dividing an 1mage into a
plurality of image chips for presentation on a display includes
detecting potential objects of interest within the 1mage by
detecting features therein that correspond to objects of inter-
est. The image 1s uniformly divided 1nto a plurality of pre-
liminary 1mage chips. Triage image chips are generated by
automatically adjusting each preliminary image chip such
that the potential objects of interest detected withuin each
preliminary image chip are at least substantially centered in
cach preliminary image chip.

In another exemplary embodiment, a system for conduct-
ing 1image triage of an 1image that may include one or more
objects of mterest includes a display device and a processor.
The display device 1s operable to recerve display commands
and, 1n response thereto, to display an 1image. The processor1s
coupled to the display device and 1s configured to selectively
retrieve an 1mage, detect potential objects of interest within
the 1mage by detecting features therein that correspond to
objects of interest, uniformly divide the image 1nto a plurality
of preliminary image chips, and generate triage 1image chips
by automatically adjusting each preliminary image chip such
that the potential objects of interest detected withuin each
preliminary image chip are at least substantially centered in
cach preliminary image chip.

Other desirable features and characteristics of the system
and method will become apparent from the subsequent
detailed description and the appended claims, taken 1n con-
junction with the accompanying drawings and preceding
background.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will hereinafter be described 1n con-
junction with the following drawing figures, whereimn like
numerals denote like elements, and wherein:

FIG. 1 depicts a functional block diagram of an exemplary
image triaging system;

FIG. 2 depicts an exemplary process, 1 flowchart form,
that may be implemented by the image triaging system of
FIG. 1;

FIG. 3 depicts a process tlow diagram of a general prepro-
cessing method implemented by the system of FIG. 1 that
results 1n potential objects of interest being at least substan-
tially centered 1n the discrete sub-image; and

FIG. 4 depicts a process tlow diagram of an exemplary
method of generating triage 1mage chips.

DETAILED DESCRIPTION

The following detailed description 1s merely exemplary 1n
nature and 1s not itended to limit the invention or the appli-
cation and uses of the invention. Furthermore, there 1s no
intention to be bound by any theory presented in the preced-
ing background or the following detailed description.

Turming first to FIG. 1, a functional block diagram of an
exemplary system 100 that may be used to triage images 1s
depicted. The depicted system 100 includes a display device
102, a data collector 104, and a processor 106. As FIG. 1

further depicts, 1n some embodiments the system 100 may
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additionally include a user interface 108, an 1image database
110, and one or more user state monitors 112. The display
device 102 1s 1n operable communication with the processor
106 and, 1n response to display commands received there-
from, displays one or more 1images to a user 101. It will be
appreciated that the display device 102 may be any one of
numerous known displays suitable for rendering graphic,
icon, and/or textual images 1n a format viewable by the user
101. Non-limiting examples of such displays include various
cathode ray tube (CRT) displays, and various flat panel dis-
plays such as, for example, various types of LCD (liquid
crystal display) and TFT (thin film transistor) displays. The
display may additionally be based on a panel mounted dis-
play, a head up display (HUD) projection, or any known
technology.

The data collector 104 1n the depicted embodiment 1s a
neurophysiological data collector that 1s configured to be
disposed on, or otherwise coupled to, the user 101, and 1s
operable to selectively collect neurophysiological data from
the user 101. Pretferably, and as depicted 1n FIG. 1, the neu-
rological data collector 104 1s implemented as an electroen-
cephalogram (EEG) system, and most preferably as a multi-
channel EEG cap 114, and appropriate EEG signal sampling
and processing circuitry 116. It will be appreciated that the
number of EEG channels may vary. Moreover, the EEG sig-
nal sampling and processing circuitry 116 may be imple-
mented using any one of numerous known suitable circuits
and devices including, for example, one or more analog-to-
digital converters (ADC), one or more amplifiers, and one or
more filters. No matter the particular number of EEG chan-
nels and the particular type of EEG signal sampling and
processing circuitry 116 that 1s used, 1t 1s 1n operable com-
munication with, and 1s configured to supply the collected
EEG data to, the processor 106. As will be described 1n more
detail turther below, the EEG signal sampling and processing
circuitry 116 1s further configured to receive trigger signals
from the processor 106, and to record the receipt of these
trigger signals concurrently with the EEG signals.

The user interface 108 1s 1n operable communication with
the processor 106 and 1s configured to receive input from the
user 101 and, 1n response to the user input, supply various
signals to the processor 106. The user interface 108 may be
any one, or combination, of various known user interface
devices including, but not limited to, a cursor control device
(CCD), such as a mouse, a trackball, or joystick, and/or a
keyboard, one or more buttons, switches, or knobs. In the
depicted embodiment, the user interface 108 includes a CCD
118 and a keyboard 122. The user 101 may use the CCD 118
to, among other things, move a cursor symbol on the display
device 102, and may use the keyboard 122 to, among other
things, mnput various data. As will be described further below,
the user 101 may additionally use either the CCD 118 or
keyboard 122 to selectively supply physical response data,
the purpose of which are also described further below.

The one or more user state monitors 112, 1f included, are
operable to selectively collect various data associated with
the user 101. The one or more user state monitors 112 may
include at least an eye tracker 124, a head tracker 126, and one
or more FOG (electrooculogram) sensors 128. The eye
tracker 124, 11 included, 1s configured to detect the movement
of one or both of the user’s pupils. The head tracker 126, 1f
included, 1s configured to detect the movement and/or orien-
tation of the user’s head. The EOG sensors 128, 1f included,
are used to detect eye blinks and various eye movements of
the user 101. Although any one of numerous devices may be
used to implement the eye tracker 124 and head tracker 126,

in the depicted embodiment one or more approprately
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mounted and located video devices, in conjunction with
appropriate processing soiftware components are used to
implement these functions. Though not explicitly depicted 1n
FIG. 1, appropriate signal sampling and processing circuitry,
if needed or desired, may be coupled between the eye tracker
124 and/or the head tracker 126 and the processor 106. More-
over, the same or similar signal sampling and processing
circuitry 116 that 1s used with the EEG cap 114 may addi-
tionally be used to supply appropriate EOG signals to the
processor 106. It will be appreciated that, at least 1n some
embodiments, the system 100 may be implemented without
one or all of the user state monitors 112. No matter which, 1f
any, of the user state monitors 112 that are included i the
system 100, each supplies appropriate user state data to the
processor 106.

The processor 106 1s 1n operable communication with the
display device 102, the neurophysiological data collector
104, the user mterface 108, and the 1mage database 110 via,
for example, one or more communication buses or cables 136.
The processor 106 1s coupled to recerve neurophysiological
data from the neurophysiological data collector 104. As noted
above, the processor 106 may additionally receive physical
response data from the user interface 108. As will be
described 1n more detail further below, the processor 106,
based at least 1n part on one or more of these data, assigns
probabilities to discrete sections of an 1mage. The assigned
probabilities are representative of the likelihood that the dis-
crete sections of the image include a target entity.

It was additionally noted above that the processor 106, at
least in some embodiments, may also receive user state data
from the one or more user state monitors 112. In such embodi-
ments, the processor 106 appropriately processes the user
data and the neurophysiological data to determine whether
one or more of these data, either alone or in combination,
indicate the user 101 1s 1n a state that could adversely com-
promise the effectiveness of the image triage processing,
which 1s described 1n more detail further below. It 1s noted
that, based on this determination, the processor 106 may
generate one or more user alerts and/or vary the pace of one or
more portions of the below-described 1image triage process-
ng.

The processor 106 may include one or more microproces-
sors, each of which may be any one of numerous known
general-purpose microprocessors or application specific pro-
cessors that operate in response to program instructions. In
the depicted embodiment, the processor 106 includes on-
board RAM (random access memory) 1035, and on-board
ROM (read only memory) 107. The program instructions that
control the processor 106 may be stored 1n either or both the
RAM 105 and the ROM 107. For example, the operating
system software may be stored in the ROM 107, whereas
various operating mode soitware routines and various opera-
tional parameters may be stored in the RAM 105. It will be
appreciated that this 1s merely exemplary of one scheme for
storing operating system soiftware and software routines, and
that various other storage schemes may be implemented. It
will also be appreciated that the processor 106 may be imple-
mented using various other circuits, not just one or more
programmable processors. For example, digital logic circuits
and analog signal processing circuits could also be used.

The 1mage database 110 preferably has various types of
imagery collections stored therein. The imagery collection
types may vary, and may include, for example, various types
of static imagery and various types of video imagery. It will
additionally be appreciated that, although the image database
110 1s, for clarity and convenience, shown as being stored
separate from the processor 106, all or portions of this data-
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base 110 could be loaded into the on-board RAM 105, or
integrally formed as part of the processor 106, and/or RAM
105, and/or ROM 107. The image database 110, or the image
data forming portions thereol, could also be part of one or
more non-illustrated devices or systems that are physically
separate from the depicted system 100.

As was previously noted, the processor 106 receives neu-
rophysiological data, physical response data, or both, and
may additionally receive user state data. The processor 106,
based at least 1n part on one or more of these data, assigns
probabilities to discrete sections of an 1mage. These assigned
probabilities are representative of the likelihood that these
discrete sections of the image include a target entity. The
overall process 200 by which the processor 106 implements
these outcomes 1s depicted in flowchart form 1n FIG. 2, and
with reference thereto will now be described in more detal.
Betore doing so, however, it 1s noted that the depicted process
200 1s merely exemplary of any one of numerous ways of
depicting and implementing the overall process to be
described. Moreover, before the process 200 1s mitiated, 1t 1s

noted that, 11 neurophysiological data are collected, at least
the neurophysiological data collector 104 has preferably been
properly applied to the user 101, and appropriately configured
to collect neurophysiological data. If included, the one or
more user monitors 112 have also preferably been applied to
he user 101, and appropriately configured to collect user state
ata. With this background 1n mind, it 1s additionally noted
hat the numerical parenthetical references 1n the following
escriptionrefer to like steps 1n the flowchart depicted 1n FIG.

p—

!—h Yy

N O

Turning now to the description of the process 200, 1t 1s seen
that when an 1mage 1s retrieved from the image database 110,
the processor 106, and most notably the appropriate Sofmare
being i1mplemented by the processor 106, divides the
retrieved 1mage into a plurality of smaller discrete sub-1m-
ages, or chips (202). These chips, which are referred to herein
as triage 1mage chips, are individually and successively dis-
played on the display device 102 to the user 101 (204). Pret-
erably, the triage 1mage chips are presented using a rapid
serial visualization presentation (RSVP) technique. Thus,
cach triage 1mage chip 1s individually displayed, preferably at
the same location on the display device 102, for a presentation
time period, preferably 1n a predetermined sequence, and
preferably at substantially equivalent luminance levels.
Though one or more of these parameters may be varied manu-
ally or automatically.

While the triage 1mage chips are being displayed to the user
101, data such as, neurophysiological data, physical response
data, or both, are collected from the user 101 (206). As was
noted above, 1n some embodiments, user state data may addi-
tionally be collected via the user interface 108 and the one or
more state monitors 112, respectively. As was also previously
noted, if neurophysiological data are collected, these data are
preferably EEG data collected via the multi-channel EEG cap
114. It will be appreciated that, 1f collected, either the CCD
118 or the keyboard 122 may be used to collect the physical
response data. In particular, the user 101 will hit either a
predetermined button on the CCD 118 or a predetermined key
on the keyboard 122 each time the user 101 believes a dis-
played triage image chip includes a target entity, or at least a
portion of a target entity.

After the neurophysiological data are collected and, 1n
some embodiments, the physical response data and/or the
user state data are collected, a probability 1s assigned to each
triage 1mage chip (208). The probability that 1s assigned to

cach triage 1image chip 1s based on these collected data, either
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6

alone or 1n combination, and 1s representative of the likel:-
hood that the triage 1mage chip includes a target entity.

The 1mage triage chips that are individually and succes-
stvely displayed on the display device 102 are discrete sub-
images ol a larger broad area 1mage that have been prepro-
cessed. The preprocessing that i1s conducted results 1n
potential objects of interest (e.g., potential target entities)
being at least substantially centered in the discrete sub-image.
A process flow diagram of the method 300 that the system 100
implements to achieve this result 1s depicted in FIG. 3, and
with reference thereto will now be described.

The method 300 begins upon retrieval of the larger, broad
arca 1mage 302 from, for example, the 1image database 110.
When the image 302 1s retrieved, the processor 106, imple-
menting suitable methodologies, detects potential objects of
interest within the image (303). In the depicted embodiment,
the 1image 302 includes three objects of interest that, for
simplicity of illustration, are labeled T1, T2, and T3 on FIG.
3. It will be appreciated that 1n an actual physical implemen-
tation, the 1mage 302 may include any number of objects of
interest, which may be, for example, various types of land
vehicles, seagoing vessels, special use land masses, weapons
sites, or military bases, just to name a few examples.

No matter the particular number or type (or types) of
objects of interest, the 1image processing methods i1mple-
mented 1n the processor 106 to detect potential objects of
interest may vary. The image processing methods may
include one or more of 1mage entropy segmentation, local
histogram equalization, image gradients, directional edge
magnitudes, edge orientation, spatial filter responses, local
binary patterns, and localized median filters, just to name a
few.

After potential objects of interest are detected within the
retrieved image 302, the retrieved image 1s uniformly divided
into a plurality of what are referred to herein as preliminary
image chips 304 (e.g.,304-1, 304-2,304-3, ... 304-N) (305).
Thereatter, the triage 1mage chips 306 (e.g., 306-1, 306-2,
306-3, . .. 306-N) are generated by automatically adjusting
cach preliminary image chip 304 such that the detected
objects of interest within each preliminary image chip 304 are
at least substantially centered in each preliminary image chip
304 (307). It will be appreciated that the manner 1n which the
triage 1mage chips 306 are generated may vary. A process
flow diagram of a particular preferred method 400 of gener-
ating the triage image chips 306 for display 1s depicted in FI1G.
4, and will now be described.

In the depicted methodology 400, after the retrieved image
302 has been uniformly divided into the plurality of prelimi-
nary image chips 304, an imagimary window 402 1s placed
over each preliminary image chip 304 (403). The imaginary
windows 402 are then shifted, in each direction, a maximum
predetermined number of pixels into adjoining preliminary
image chips 304 (405). That 1s, in the context of FIG. 4, each
imaginary window 402 is shifted in both the horizontal direc-
tion (e.g., the +x-directions) and vertical direction (e.g., the
+y-directions) independently and jointly by all values up to
the maximum predetermined number of pixels. Although
only two 1maginary windows 402 are depicted in FIG. 4 as
being shifted, 1t should be appreciated that this 1s done merely
for clarity and ease of 1llustration. Indeed, in actual embodi-
ments, each imaginary window 402 1s preferably shifted the
predetermined number of pixels.

It will additionally be appreciated that a single imaginary
window 402 may be associated with each preliminary image
chip 304, or two or more 1imaginary windows 402 may be
associated with each preliminary image chip 304. If a single
imaginary window 402 is associated with each preliminary
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image chip 304, then the single imaginary window 402 is
shifted four times. That 1s, i1t 1s shifted the predetermined
number of pixels in the +x-direction, the —x-direction, the
+y-direction, and the —y-direction. If two imaginary windows
402 are associated with each preliminary image chip 304,
then one 1maginary window may be shifted 1n the +x-direc-
tion, while the other imaginary window may be shufted in the
+y-direction. In a particular preferred embodiment, four
imaginary windows are associated with each preliminary
image chip 304, with one shifted in the +x-direction, a second
shifted 1n the —x-direction, a third shifted in the +y-direction,
and the fourth shifted in the —y-direction.

When the imaginary windows 402 are shifted the predeter-
mined number of pixels, potential objects of interest within
the 1maginary windows 402 are detected (407). The 1imagi-
nary window 402 associated with each preliminary image
chup 304 that had the highest density of detected potential
objects ol interest 1s selected (409), and the triage image chips
306 are generated based on these selections (411). Each triage
image chip 306 1s generated by calculating the centroid of all
of the potential objects of interest detected within the selected
imaginary window 402, and creating a new chip region with
the calculated centroid 1n the middle of the selected 1magi-
nary window 402.

While at least one exemplary embodiment has been pre-
sented 1n the foregoing detailed description of the mvention,
it should be appreciated that a vast number of variations exist.
It should also be appreciated that the exemplary embodiment
or exemplary embodiments are only examples, and are not
intended to limit the scope, applicability, or configuration of
the invention in any way. Rather, the foregoing detailed
description will provide those skilled 1n the art with a conve-
nient road map for implementing an exemplary embodiment
of the mvention. It being understood that various changes
may be made in the function and arrangement of elements
described 1n an exemplary embodiment without departing
from the scope of the mvention as set forth 1n the appended
claims.

What 1s claimed 1s:

1. A method of dividing an 1image into a plurality of image
chips for presentation on a display, the method comprising the
steps of:

detecting potential objects of interest within the 1mage by

detecting features therein that correspond to objects of
interest;

uniformly dividing the image into a plurality of prelimi-

nary image chips; and

generating triage 1image chips by automatically adjusting,

cach preliminary image chip such that the potential
objects of interest detected within each preliminary
image chip are at least substantially centered in each
triage 1mage chip,

wherein the step of generating the triage image chips com-

prises:

placing one or more associated imaginary windows over
cach preliminary image chip;

for each preliminary image chip, shifting its one or more
associated imaginary windows a maximum predeter-
mined number of pixels into an adjoining preliminary
image chip;

alter shifting the imaginary windows the maximum pre-
determined number of pixels, detecting potential
objects of interest within each imaginary window;
and

selecting the imaginary windows having a highest num-
ber of detected potential objects of interest therein.
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2. The method of claim 1, wherein the step of generating,
the triage 1mage chips further comprises:

calculating a centroid of all of the potential objects of

interest within the selected imaginary windows; and
generating new chip regions with the calculated centroids

in the middle of the selected imaginary windows, each

new chip region corresponding to an triage 1mage chip.

3. The method of claim 1, further comprising;

displaying each triage image chip to a user on a display

device.

4. The method of claim 3, wherein the step of displaying
cach triage 1mage comprises:

successively displaying each triage image chip to the user

on the display device for a predetermined presentation
time period.

5. The method of claim 4, further comprising:

collecting data from the user at least while each triage

image chip 1s being displayed to the user; and

for each triage image chip that 1s displayed, assigning a

probability that the image chip at least includes an object
of interest, based at least in part on the collected data.

6. The method of claim 3, wherein the triage 1mage chips
are successively displayed to the user in accordance with a
rapid serial visualization (RSVP) paradigm.

7. The method of claim 5, wherein the collected data are
neurophysiological data.

8. The method of claim 5, wherein the collected data are
physical response data.

9. The method of claim 5, wherein the collected data are
neurophysiological data and physical response data, and
wherein the method further comprises:

for each triage 1mage chip, assigning the probability that

the triage 1mage chip at least includes a target entity,
based on the collected neurophysiological data and the
collected physical response data.

10. A system for conducting 1image triage of an 1mage that
may include one or more objects of interest, comprising:

a display device operable to recerve display commands

and, 1n response thereto, to display an 1mage; and

a processor coupled to the display device and configured

to:

selectively retrieve an 1mage,

detect potential objects of interest within the 1mage by
detecting features therein that correspond to objects
of interest,

uniformly divide the image into a plurality of prelimi-
nary image chips,

place one or more associated 1imaginary windows over
cach preliminary image chip,

for each preliminary image chip, shift i1ts one or more
associated imaginary windows a maximum predeter-
mined number of pixels into an adjoining preliminary
image chip,

after shifting the imaginary windows the maximum pre-
determined number of pixels, detect potential objects
ol interest within each imaginary window, and

select the imaginary windows having a highest number
of detected potential objects of interest therein, to
thereby generate triage 1mage chips such that the
potential objects of interest detected within each pre-
liminary 1mage chip are at least substantially centered
in each triage 1image chip.

11. The system of claim 10, wherein the processor 1s fur-
ther configured to:

calculate a centroid of all of the potential objects of interest

within the selected imaginary windows; and
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generate new chip regions with the calculated centroids in
the middle of the selected imaginary windows, each new
chip region corresponding to an triage image chip.

12. The system of claim 10, wherein the processor 1s fur-

ther configured to:

command the display device to successively display each
triage 1mage chip.

13. The system of claim 12, wherein the processor 1s fur-

ther configured to:

command the display device to successively display each
triage 1image chip for a predetermined presentation time
period.

14. The system of claim 13, further comprising:

a data collector 1n operable communication with the pro-
cessor and configured to at least selectively collect data
from a user,

wherein the processor 1s further configured to assign a

probability to each displayed triage image chip based at
least 1n part on the collected data, each assigned prob-
ability representative of a likelihood that the triage
image chip at least includes a potential object of interest.

15. The system of claim 14, wherein the processor 1s fur-
ther configured to command the display device to succes-

10
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stvely display the triage 1image chips 1n accordance with a
rapid serial visualization (RSVP) paradigm.
16. The system of claim 14, wherein the data collector
comprises a neurophysiological data collector configured to
at least selectively collect neurophysiological data from the
user.
17. The system of claim 14, wherein the data collector
comprises a user interface configured to recerve mput stimu-
lus from the user and, in response thereto, to supply physical
response data.
18. The system of claim 14, wherein:
the data collector comprises a neurophysiological data col-
lector configured to at least selectively collect neuro-
physiological data from the user and a user interface
configured to receive input stimulus from the user and, 1n
response thereto, to supply physical response data; and

the processor 1s configured to assign the probability based
on the collected neurophysiological data and the col-
lected physical response data.
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